Response criteria from a yes-no task and detection thresholds
O
LDER adults have shown a conservative response bias for auditory detection (Craik, 1969; Rees & Botwinick, 1971; Potash & Jones, 1977) , contrary to results for other modalities. A conservative response bias for older adults is not seen for weight discrimination (Watson, Turpenoff, Botwinick, & Kelly, 1979; Danziger & Botwinick, 1980) , visual discrimination (Danziger, 1979) , visual detection of vertical gratings (Hutman & Sekuler, 1980) , or pain thresholds (Harkins & Chapman, 1976 , at least when subjects are equated for sensitivity. It is difficult to understand why auditory detection tasks should yield higher criteria for elderly subjects when other sensory tasks do not. Watson et a!. (1979) suggested that older people may be cautious only in modalities where there is a perceived deficit. If so, then auditory deficits are perceived differently than visual deficits. A more likely possibility is that the differences may be due to procedural problems in the auditory studies.
Although Craik's (1969) older subjects showed a more conservative response criterion than younger subjects on a yes-no task, the 50 trials employed may not have been adequate to obtain valid estimates of bias. Rees and Botwinick' s ( 1971) older subjects also used a more conservative criterion than did the younger subjects on a yes-no task, even when the two groups were equated for sensitivity. In their study, special instructions to be more reckless were required of all the elderly subjects and half of the young subjects to obtain the false alarms necessary to calculated' and (3, decision theory measures of sensitivity and response bias. Thus, the ()s may have reflected the willingness of the subjects to shift their criterion, rather than the criterion they would normally adopt for a detection task. Potash and Jones ( 1977) reported a conservative response bias for older adults (all under age 65) on a rating scale task, but they failed to equate for sensitivity. Performance of the two groups for detection of a 6000 Hz tone in a background of 30 dB SPL Gaussian noise was assessed by presenting the tone at 30 dB SPL for the young group and 50 dB SPL for the older group.
The average rating of the young group was closest to the point on the rating scale where ''there possibly was a signal," and was essentially unbiased. However, five of the seven older subjects could not even hear the tone due to hearing loss, which makes their mean rating of "there probably was not a signal" quite valid and not at all indicative of bias.
In the present study, bias (()) was measured directly in a yes-no task to determine whether elderly listeners show more bias than do younger ones on a pure-tone detection task in a signal-detection framework. The methodology employed allowed us to equate subjects for sensitivity, so that it would not be a confounding variable.
We also were interested in whether cautiousness as measured by (3 had practical significance for audiological testing. Because audiological thresholds are obtained with procedures that neither assess response criterion nor control for it, a strict response criterion for elderly listeners could result in high thresholds. If pure-tone thresholds with clinical test procedures for elderly listeners are artificially high, then a whole body of literature, including aging norms, is in error (Marshall, 1981) .
In order to determine the effect of bias in audiological pure-tone detection thresholds, the difference between audiological thresholds and 2IFC thresholds (which are unbiased measures) was compared for young and elderly subjects. Audiological measurements use a modified method of limits procedure with an undefined observation interval. The usual threshold search strategy is to decrease the signal level following a positive response to a signal presentation and to increase the signal level following the absence of a response, using a I 0 dB step size for descending runs and a 5 dB step size for ascending runs. A typical definition of threshold is the lowest level with two responses out of three presentations at that level on an ascending run. Adaptive 2IFC procedures usually employ a uniform, smaller (e.g., 2 dB) step size for both ascending and descending trials with an adaptive strategy that places most of the observations as close as possible P67 to a specified point on the psychometric function. For example, if the level is decreased after two correct responses and increased after one incorrect response, the responses will converge at the 70.7% correct level (Levitt, 1971 ) . Adaptive, 2IFC procedures avoid the influence of response bias because the listener must make a positive decision on every trial by choosing which interval contained the tone. Therefore, if elderly listeners have a conservative response bias, they would be expected to show a larger difference between audiological (biased) and 2IFC (unbiased) thresholds than would younger listeners. While factors other than response bias affect the difference between these two threshold measurements (e.g., Marshall & Jesteadt, 1986) , differences between young and elderly listeners should be apparent if, indeed, bias differentially affects their audiological thresholds. In order to determine whether age or hearing loss per se affects cautiousness in the auditory modality, four groups of subjects were used.
METHOD
Subjects. -The four groups of subjects were young normal-hearing (n = 12), young hearing-impaired (n = 19), older normal-hearing (n = 10), and older hearingimpaired (n = 31). The age range was 17 to 35 for the young adults and 60 to 83 for the older adults. The definition of normal hearing required both a spondee threshold (threshold for two-syllable words with equal stress on each syllable, such as "hot dog") in the better ear of 15 dB HL or lower and a total score of 0 on the Hearing Handicap Inventory for the Elderly (HHI), a measure of the subject's perception of hearing loss (Ventry & Weinstein, 1982) . The total scores on the HHI can range from 0 to 100; the higher the score, the greater the perceived handicap. We used this approach for group assignment rather than a more traditional pure-tone criterion of normal hearing because we wanted to know whether individuals who perceived that they had hearing loss showed a strict criterion on pure-tone testing. Hearing loss for speech (spondee threshold) was included to screen for individuals with a hearing loss of a magnitude great enough to be noticeable in everyday situations, but who denied its existence on the HHI. Instead of the spondee threshold we could have used a pure-tone threshold average of selected frequencies, which is a good predictor for the spondee threshold, but decided instead to use the direct measure of hearing loss for speech.
By definition, all subjects in the young and older normalhearing groups had normal spondee thresholds and scores of 0 on the HHI. Some of the older subjects did have slight or mild high-frequency hearing losses that apparently were not noticeable to them. The subjects in both hearing-impaired groups had sensorineural losses, most of which were bilaterally symmetrical, and there was a wide range of degree of impairment. All but one of the hearing-impaired subjects had non-zero scores on the HHI. This 61-year-old male's spondee threshold in the better ear was 30 dB, however, which should have been noticeable to him (e.g., Merluzzi & Hinchcliffe, 1973) , so he was assigned to the hearingimpaired group.
Apparatus.-Signals were produced by a function generator (Tektronix FG503), gated with an electronic switch (Grason-Stadler), split into four separate channels where levels were set individually using both manual and programmable (Charybdis) attenuators, amplified (Crown D-60 and D-75), and fed monaurally to TDH-39 earphones to listeners seated in a double-walled, sound-attenuated room divided by single walls into four cubicles (lAC 1200). A Digital Equipment Corporation PDP-11/23 microprocessor was used to control the programmable attenuators and the electronic switch, time the intervals, operate the response boxes, and record the listeners' responses.
Procedure. -All data, including the audiometric thresholds, were obtained in the laboratory under computer control, using the same stimuli (300-msec pure tones with 10-ms rise-fall times) and response boxes. Subjects were tested in groups of four whenever possible. No practice was given for the audiological procedure. All subjects had been tested in an audiological clinic within the previous year and were familiar with the procedure. Prior to data collection for the 2IFC and yes-no procedures, subjects were required to give five consecutive correct responses at a suprathreshold level to demonstrate mastery of the task.
The following data were collected for each subject: audiometric (AUD) and 2IFC adaptive thresholds at 500 and 4000 Hz (test frequency counterbalanced), and the psychometric function (along with measures of~) for the yes-no procedure at either 500 or 4000 Hz (time did not permit both). The psychometric function for the yes-no procedure was collected using a fixed level procedure, intermingling three levels on each block of 72 trials. If d's were less than 0.5 or greater than 3.0, the levels were adjusted accordingly during the next block of trials. This procedure continued until each subject had at least three levels with 72 trials per level. (A more detailed description of the procedures can be found in Marshall & Jesteadt, 1986) . · The procedure for the yes-no measurements was designed to eliminate some of the problems in other auditory detection studies, as described earlier. First, the number of trials and levels allowed us to later equate subjects for sensitivity (~s were compared at the level closest toad' of 1.0). Second, subjects were not instructed to guess, as in Rees and Botwinick' s (1971) study. The subjects were told signals would occur on one-half of the trials, but no instructions were given concerning their criterion. For conditions where criteria were so strict that response bias could not be estimated, we entered a proportion equivalent to one-half trials (i.e., .0069 for a 72-trial block) in place of zero for false positive responses.
RESULTS AND DISCUSSION

Response Bias
Direct measure ofbias, {3.-A natural log transform was applied to ~s from the yes-no procedure at the level where d' value was closest to I. 0 to equalize intervals throughout the range. Means and standard deviations of the In betas and the corresponding values of~ are shown in Figure I .
Difference between AUD and 2/FC threshold. -The 2IFC adaptive thresholds were 6-7 dB lower than standard clinical thresholds (Table 1) . There was no effect of age on the threshold difference, F(l,68) = 0.335, p > .05. There also was no effect of hearing status, F(l ,68) = 0.061, p > .05, or of the Age x Hearing status interaction, F( I ,68) = 0.025, p > .05, on the threshold difference. Clinical procedures appear to be as valid for older adults as they are for younger ones.
Although there was considerable variability both in the difference between audiological and adaptive thresholds and in response bias, there was no correlation between these two variables for individual subjects (right panel of Figure I ). The difference between audiological and adaptive thresholds cannot be explained by response bias. Factors contributing to the difference between clinical and adaptive thresholds are discussed in another article (Marshall & Jesteadt, 1986) .
Comparisons With Other Studies
Our results are not in agreement with previous studies that have shown a conservative response criterion for elderly subjects (Craik, 1969; Rees & Botwinick, 1971; Potash & Jones, 1977) . Craik (1969) used only 50 trials for his estimates, and, while the tone was adjusted to an 80% correct detection level prior to the measurements, the d' for each group during the measurements was not given and might have changed during the 50 trials. The conservative response bias was not seen for a rating scale task which had the same number of trials. Potash and Jones ( 1977) measured criterion at fixed levels independent of individual hearing losses, and, as a result, the majority of their older subjects apparently could not detect the tone during the testing.
A major issue in these two studies is that the subjects were not equated for sensitivity. Danziger (1980) pointed out the importance of equating subjects for sensitivity when obtaining rating scale measures of bias. The range of bias values that can be observed is more restricted under conditions of low sensitivity than high sensitivity. Marshall and Jesteadt ( 1986) found that subjects tend to set their criterion at a fixed point on the decision axis for pure-tone detection using a "yes-no" task; that is, they respond "yes" when the signal reaches a certain magnitude and "no" below that point. Because they use a fixed criterion point, the criterion appears strict at low d 1 s and less strict at higher d 1 s. We might expect this to be true for other sensory tasks as well, at least if the magnitude of the stimulus is intermingled within blocks of trials. Dusoir (1975 Dusoir ( , 1983 has shown that none of the commonly used measures of response bias, including a fixed point on the decision axis, remains constant for all subjects as signal-to-noise ratio is varied in a detection task. Rees and Botwinick ( 1971) found differences in criterion even when subjects were equated for sensitivity. However, their procedures differed from ours in that they instructed all subjects who did not give false positives to use a more liberal criterion. Consequently, their measures of bias might not reflect the criterion that the subjects would normally use, but rather their willingness to shift criterion. We investigated this possibility by re-testing four of the young and four of the older adults who had initially shown the most strict criteria. We first gave the subjects our original instructions, informing them that the signal was present on one-half of the trials, and they were to answer "yes" or "no" following each trial. Subjects listened to 72-trial blocks of a 500Hz tone at a single level with a short break between blocks. Initially, the level was adjusted in 1-2 dB steps following each block of trials to find the level giving the d 1 nearest to 1.0. After the level had been established, we presented four blocks of 72 trials. All subjects showed a conservative response criterion, as expected given their earlier performance, with l3s ranging from 2.99-19.26 for the young group and from 3.76-38.25 for the older group.
Next, another four blocks of 72 trials were run at the same level. Prior to the first block of trials and during each rest break between trials, the subjects were given instructions used by Rees and Botwinick such as "be reckless"; "follow your hunches''; and ''pretend you're gambling.'' With these instructions, all four of the younger subjects markedly shifted their response criterion, while only one of the older subjects did so. The four subjects gave 4, 12, 6, and 8 false alarms for the initial 288 trials ( 144 with no signal) and changed to 29, 51 , 31 , and 50 false alarms respectively for the second set. The older subjects initially gave 7, 0, 0, and 1 false alarms and shifted to 46 , I, I, and 2 false alarms respectively. Two of the o lder subjects with low false alarm rates following instructions made comments such as "I was really ga mbling on that one" and "oh, I get it; in order to get more of them that are there , I have to say ' yes' sometimes to ones that aren ' t there." However, their false alarm rates were barely affected .
Older adults, at least those who use an extremely strict response criterion, may not readily shift their criterion from strict to lax following instructions to do so. While this may explain the difference between our results and those of Rees and Botwinick, it is unimportant for audiological pure-tone detection thresholds where false positives are not encouraged . For audiological pure-tone detection thresholds , most listeners, irrespective of age, apparently use a strict criterion. Subtle differences in the responses of older listeners such as inflexibility in shifting criteria, a tendency to use a restricted range on rating scales (Hutman & Sekuler, 1980) , or the inability to assess the accuracy of their responses (Yanz & Anderson, 1984) do not alter the validity of audiological pure-tone detection measures .
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